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Impadanee faedbaek monitor for alectroaurgical Instrument 



(57) An impedance monitoring device is provided for 
monitoring the eleetricat impedance of tissue as it is 
treated with alectrosurgical energy. Based on a predicted 
model of tissue impedance and a number of initial im- 
pedance readings, the inrpedance at which tissue treat- 
ment ts completed is predicted More particularty, a min- 
imum tmpedarKe level is measured and a function of the 
minimum impedance is used to determne impedance at 



which coagulation is completed. A control device is pro- 
vidad lor brmging the output ot the generator withn an 
optirhum range based on a system toad cun^e. In one 
embodtmant the impedance monitortng device is used 
in conjunction with a bipolar electrpsurgical instrumam. 
Preferably, the instrument comprises electrically oppo- 
site etactrodes tocatad on one or more tissue ertgaging 
surtaces for engaging tissue to be treated. 
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DMerfptlon 

FMd of the InvntiM 

This invention rotates to electrosurgical tissue ireat- 
mont. and in particular, to a method and apparatus lor 
controlling the electrosurgical Ueatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgical device 

Backorouwd ef thm Inventlen 

Electrosurgical generatOTB are used to deliver ther- 
apeutic electrical energy to surgical instruments These 
instruments are used for example, for cutting, coagula- 
tion, tissue welding, ablation, and dissection. Both mo- 
r>opolar and b^lar generators typtcaUy supply electro- 
surgical energy m theradio frequency <RF) range to such 
instruments. Usually such generatora include controls 
that regulate the voltage and^or cun^ent so that a select 
power level is approximately delivered and a maximum 
power level is not exceeded. 

When such RF generators are used, the pnmary 
contrcrf is the experience of the surgeon who responds 
to what is ot>served to be happentrtg to the tissue as it is 
treated with the RF energy. Often, particularly for ernto- 
scopic procedures, surgeons cannot readily see what is 
happening to the tissue^ Also, the change in tissue prop- 
erties due to the RF energy may occur so quckly so as 
rK3t to afford time for the surgeon to react soon enough 
to turn off electrical energy to the instnimsnt. As a result 
some problems which may occur include tissue charring, 
sticldng of tissue to the electrodes of the surgical instni- 
ment, and ever or under treatment of tissue 

It has been recognized that the tissue impedbnce 
changes as RF energy is applied to the tissue Attempts 
have been made to control the power delivered to the 
tissue as the tissue impedance changes For example, 
current has been controlled based on the change in the 
voltage or the power delivered by the generator to tissue 
The differential quotient of tissue impedance as RF pow- 
er is applied to the tissue has been used to detenrune 
an initial power level and to switch off RF power wvhen 
the differential quotient of impedar^ce reaches a preset 
value, 

l^totwlthstanding these control arrangements, there 
IS a continuing rieed for improvement in the control of 
electrosurgical energy deliverar^ce to the tissue ant^r 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end poir« of coagulation lor 
a variety or a range ol tissue impedarx:e. due to, e.g.. 
varying tissue composition, tissue types and treated tis- 
sue areas antUor volumes. 

The present invention relates to a device and meth- 
od of the type described m EP-A-0 640 317. 



Summary of the Invention 

The present invention provides an irr^edance mon- 
itoring device and/or method which monitors the imped- 

s ance ol tissue between poles of a therapeutic electrosur- 
gical instnjmenL Based on a model of expected tissue 
impedance behavior over time with the deHverance of 
electrosurgical energy/the monitored tissue impedance 
IS used to determine tissue status. This will be described 

10 in more detail below. A signal indicating status of tissue 
is provided either to a user or to an inetnjment oomroHer 
The device may also indudo a switch which automati- 
cally lums off the electrical energy when treatment is 
completed. 

In accordance with the present invention, a tissue 
impedance monitor is provided which continuously 
measures tissue impedance as electncal energy is de- 
livered to tissue. Accoiding to known Ussue impedance 
models, tissue wtp ed an ce initiatly drops as electrx»l en- 
ergy is applied and then begins to rise again as coagu- 
lation occurs. The present invention provides lor estab- 
lishing a value for the minimum impedance. i.e., when 
the impedance is at its lowest vahie as the energy is ap- 
plied. Then, the vnpedanee value anticipated to provide 
the desired tissue effect is determined by calculating a 
selected function of the essabUshed minimum irrped- 
ance When the measured impedance rises to the level 
ol the impedar>ce value for the desired result. e.g.. co- 
agulation, tissue welding or a level of diathermy, the in- 

^ strument will indicate or provide a respon^^ for such 
event. The present invention is preferably adapted so 
that the oorwlition is detected for a rar>ge of expected tis- 
sue impedances which vanes according to tissue type, 
area antUor volume. 

In a preferred embodiment the desired tissue condi- 
tion is where coagulation is compleied. When this point 
has been reached a feedback signal is provided toacon- 
trol unit or to the user, a! which tirrw the energy supply 
IS switched off. The feedback signal may. for example. 

40 provide a visual. audft>le or tactile signal to a user, and^or 
may provkle instructions to a control unit to automatically 
turn off energy supplied to the bssue. 

Optiorwily, the device maef also nchide a switch, 
adapted to turn off electrical energy when a shon circuit 

^ cortditon is detected, when an open circuit condttkn is 
detected or when the device is on. i.e.. supplying current 
or voltage for a preset maxvnum amount of time. 

In accordance with one aspect of the present inven- 
tion, an electrosurgical apparatus lor coagulating tissue 

so during a surgical procedure comprises an end eflector 
with opposing interfacing surfaces which may be ck>eed 
towards each other to engage tissue to be electroeurgi- 
caWy treated Preferably the end effector ncKides first 
and second elements movable relative to one another 

ss lor engaging tissue to be coagulated therebetween. At 
least one of the electhcai poles of the instrument is com- 
prised of an electrode associated with at least one of the 

rir»t and •meon€i •tomMte. TK« •■•otrod* is in contaot 
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with the tissue to be coagulated. A power controlter re* 
sponsive to a power control signal provides RF energy 
to the tissue contacting eteclrode(s) of the first and/or 
second elements. 

Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first ar^ 
second poles. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device for determning a minimum imped- 
ance value and notdtng said nrunimum impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshoki delermintng cir- 
cuit determines a threshold impedance value as a func* 
tion of the hetd minimum impedance value. 

The threshold determining circuit may comprise an 
analog device for determtntng the function of mintrrtum 
impedance or a digital circuit including, for example, a 
look up tabte for determtntng the threshotd impedance 
value based on an irtput mtntmurr) impedar>ce value. 

After a threshold value has been detemnmed. a first 
comparator compares the measured impedance value 
to threshold impedartca value and generates a power 
control sigr\al to the power controller to control the RF 
energy delivered to the tissue. uponihe condition of.the^ 
measured irhpedance value exceeding the threshotd im- 
pedance value. 

A power controller may irKlude at least one electrical / 
switch lor selectively supplying RF energy to the instru- 
ment tocoagulate tissue positioned between the first and 
secortd elements. 

The power controller may selectively switch oft the 
power suppbad to the tissue under a number of condi- 
tions. The controlter may be used to switch off power 
when the measured impedance value exceeds the 
threshold impedartca value, when an open circuit corusi- 
tion or a short circuit condition exists, or it voltage and 
current is supplied for a period of time exceeding a max- 
imum. 

Another aspect of the present inventkyi provides a 
control device for bringing the eriergy output of Che gen- 
erator within an optimal range detormirted by a system 
load cun/e. The control device usee measured load im- 
pedance to determine the desired energy level output 
and compares the desired energy output to the actual 
energy delivered to a target irtcludtrtg tissue. The control 
device takes the resulttr>g comparison and controls the 
generator output acoordtngty. 

Although the tnstriimem may be a monopolar device 
Of a multipolar device including, two or more than two 
poles, the end effector preferably ir^cludes two electrical- 
ly opposite electrodes corresportding to two electrically 
opposite poles. 

In the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
both of the opposing surfaces. Each of the first ar>d sec- 
or^ electncally opposite poles comprises at least one tis- 
sue contactina electrode. The electrodes are arranoad 



on the distal end of the elect rosurgtcal device so that 
when the first and second elements close together to en- 
gage tissue, opposite electrodes are k>cated between a 
portion d the engaged tissue. The impedance monttor- 

s ing circuit monitors the impedance of the tissue between 
the electrodes during the delivery of RF energy through 
that tissue. As descrit>ed above a minimum impedance 
is measured from which threshokl impedance is calcu- 
lated. A comparator compares the rrteasured impedance 

TO values to the determined threshotd impedarwe value and 
generates a control signal to switch off the RF power de- 
livered to the tissue, upon the corylition of measured im- 
pedartca value exceeding the threehokl impedartce val- 
ue. 

IS In orte preferred embodiment each of the electrodes 
corresponding to the first pole are offset with respect to 
the interfacing surface from each of the electrodes cor- 
resportdirtg to the second pole. In other words, the elec- 
trodes are offset from each other so that they are rtot 

20 diametrically opposed from each other on tnterfacirtg 
surfaces or they are separated and insulated from each 
other on the same surface. 

In the preferred embodiment the electrosurgical in- 
strument compresses tissue in a compression zorte be- 

2S tween the first tnterfactng surface and the secorid inter- 
facing surface artd applies electrtcat energy through the 
compression zone. More preferably, the compression 
zone is an area defiried by a compresskxt ridge on one 
of the interfacing surfaces which compresses the tissue 

30 against the other interfacing surface: Alterrtf lively or in 
addition, there may be a compression rkige on both in- 
terfacing surfaces. 

One embodiment includes a cutting element asso- 
ciated with an ef>d effector. The cutting element is ar- 

os ranged to cut tissue at or near the coagulation site. Pref- 
erably, the coagulation is oorhpieted prior to any me- 
chanical or other cutting at or around the coagulation 
site. Ortce tissue is coagulated or cauterized* the cutting 
elenrtent may be used to cut through the coagulated tis- 

40 sue or between two zorws of tissue coagulation. 

In artother enrttwdiment the hemostatic device is in- 
corporated into a linear cutter similar to a linear cuttirtg 
mechanical stapler. In this emtxxfiment the hemostatic 
device comprises two 6ut>etantiaBy parallel and etongat- 
^ ed electrode bars ¥vhich are associated with one pole, 
artd a slot lor cunirtg mearts to travel between the bars. 
Optionally one or more rows of staples may provide on 
each side of the slot and bars to provtie addttiortal he- 
mostasis. 

so \n operation, tissue is clamped between two {aws of 
the instrunrtent. and electrical energy in the form c< rado 
frequertcy ('RF') energy is supplied to the conrtpressed 
tissue to coagulate or cauterize blood vessels atortg the 
two substantially parallel bars. Based on the impedartca 

55 modelirtg of trta device with this specific electrode con- 
figuration, an appropriate furtction of the minimum im- 
pedance is incorporated irtto the impedance feedback 

circuit lo dotonnine an aoorooriat* iHr«a^%old kinjmannrm 
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level. A warning mechanism is used to warn the user 
when the impedance Is out of range or exceeds the 
threshold impedance level. Also the wamtng signal may 
be directed to a control circuit or power controller adapt- 
ed to then provide an appropnate instrument response, 
including where appropriate to turn off the RF energy de- 
trvered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for electrosur- 
gically treating tissue during surgical procedure is pro- 
vided. Accordingly, a preferred method comprtses the 
steps of: applying RF energy to tissue to be stectrosur- 
gicalty treated by means of an electrosurgical instru- 
ment: measuring the tmpedance of the tissue between 
electrodes corresponding to two poles ol the electrosur- 
gical instrument: generating the impedance signal rep- 
resentatve of the impedance of the tissue: and control- 
ling the RF energy applied to the electrosurgtcal instru- 
ment in response to the tmpedance signal. 

The step of oontroUtr\g the RF energy applied to the 
elect rosur gical instrument may comprise the steps of: 
determining and holding minimum vnpedance value: de- 
termining a threshold irripedance value based on a f ur>c- 
tion of the minimum impedance value; comparir^ meas- 
ured impedance values to the threshold tmpedarKe val- 
ue; sund generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured impedar^ce value exceeding the threshold im- 
pedance value. 

In accordance with yet artothor aspect ot the present 
invention, a method of operating an electrosurgical ap- 
paratus for coagulating tissue during surgical procedure 
comprises the steps of: providing an electrosurgical in- 
strurnent having an end effector comprising the first ami 
second tissue engaging surfaces, at least or>e of said first 
and second tissue engaging isurfaces tncludtr^ thereon 
a tissue contacting electrode, associated with a first pole 
of an electrosurgical system and at least one of said first 
and second tissue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of the system; engaging tissue to be coag- 
ulated between the first and second tiiMue engaging sur- 
faces; selectively controlling RF energy supplied to the 
first and second tissue contacting electrodes for coagu- 
lating tissue positioned therebetween; measuring the im- 
pedance of the treated tissue: determining ar>d holding 
a minimum impedance value: determinir>g a threshold 
impedance value based on a function of the minimum 
impedance value; companng measured impedance val- 
ues to the threshold tmpedarKe value; and controlling or 
switching off the RF energy connected to the first and 
second electrodes upon the cortdition of the nr>easured 
impedar^e value exceeding the threshold tmpedance 
value. 

Other objects and advantages of the invention wtN 
apparent from the foOowing description, the accompany- 
ing drawings arid the following claims 
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Brief Description of the Dfawlnoe 

Fig. 1 is a side view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with the 
5 present invention; 

Fig. 2 is a partial cross-seciional view of the distal 
end ot the instrument of Fig. 1 In an open position; 

10 Fig. 3 is a partial cross-seaional view of the distal 
end of the instrument in Fig. 1 in a closed, unfired 

position; 

Fig. 4 is a partial cross sectional view of the distal 
IS end of the irtstrument in a closed* fired poeition; 

Fig. 5 is a front cross sectional view of the distal erxj 
ot the irutrument of Fig. 1 along the line 5-5; 

20 Figs. 6-9 represent a schematic block diagram of a 
microprocessor controlled tmpedancemonitortng 
apparatus for controSing the RF energy delivered 
electrosurgtcal tnstrumerit of Figure 1 : ' 

Fig. 10 IS a schematic block diagrarri of an analog 
embodiment of the controller for use iri the appara- 
tus of Figure i; 

Fig. 11 ts a k>gtc diagram of tifie controller of Fig. 10 
so Illustrating cont rol bgic for RF output control; and 

Fig. 12 is a characteristic curve illustrating the 
change in impedarKe over time coring application 
of electrosurgicat energy to tissue usvig the electro- 
ns surgical iitstrument Ultistrated in Figure 1 . 

Detailed Deecftptton of the Invulten 

While the present irwention is generally applicable 
40 to a variety ol electro6urg|ical instruiments t>oth monopo- 
lar ar^ multipolar, and both conventional ar>d endoscop- 
ic, it wittl be described herein with reference to a bipolar 
linear cutting instrument. 

The primary purpose of the impedance monitortng 
device is to determine when the tissue has been treated 
to a desired degree. Preferably this treatment is complet- 
ed when the tissue has been cauteriied and before ex- 
cessive tissue sticking, burning or charring occurs. The 
impedar^ of tissue as it is being heated with electro- 
so surgical er^ergy gerverally follows a characteristic tissue 
trnpedance curve. According to the tmpedance curve, 
generally the impedance will decrease, arrive at a mini- 
mum value, and tf>en rise as coaguiation and tissue des- 
iccation occurs. At an tmpedance or within a range of 
55 impedances on a characteristic cun^e. coagulation will 
predictat>ly occur. 

Figure 12 is a characteristic impedar^e curve ilkis* 

traltno tho ctianoo in tissuQ imoadanca ov«r timo. tSunnp 
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iho appltcaton ol electros urgical energy using the elec- 
trosurgical instrument iHustrated in Figs. 1-5. The 
present invention determines a threshold impedance on 
the curve at which coagutation has occurred. Zt^.i 46. 
This impedance is based on the value ot the lowest im- 
pedance on the curve. 2,^^^ 45. i.e.. v^en the impedance 
has stopped fatting and begins to nse. A function of the 
mtntmum impedance ifZmi,^) is used to approximatety 
predict a point at which coagutation occurs. Z^,^x 46 

Refernng now to Fig. 10 there is illustrated a sche- 
matic block diagram of en analog embodiment of the im- 
pedarYco monitoring device of the present invention. The 
impedance monitoring device detennines when coagu- 
latior) IS corr^plete as weU as other irtstniment parame- 
ters, tor example, ii there is an open circuit, short circuit 
or i1 voltage and current is supplied to the tissue for rrxxe 
than a predetermined maximum amount of time. Such . 
conditions may indicate a problem with the instnjment 
arKVor tissue engaged by the instrument. For example, 
if excessive. ncA er>ough. or irmpprcphate tissue is en- 
gaged by the instrument. 

The instrument 10 is positioned to er^age tissue to 
be treated. Then, when appropriately positioned., RF en- 
ergy IS supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector 15 of the instnjment 10. Pref- 
erably. 30 to 200 volts RMS at a furxlamental frequency, 
preferably of a sinusoidal waveform. at. a frequency of 
about 300 Khz to 3 Mhz is supplied with a currertt of about 
0. 1 to 4.0 arnps. The generator 70 is turned on by a user 
operated switch 42.. The user operated switch 42 pro- 
vides a signal to the controUer 79 to turn on the energy. 
The output 129 of the controller is coupled to an analog 
switch 1 30. When output 1 29 provides an *RF on* signal 
to the switch. 1 30, an oscillator 72. coupled to an analog 
multiplier 75 through the switch 130. supplies a voltage 
of a known frequency to the analog multiplier 75.. The 
output of the analog multiplier 75 is coupled to a driver 
76 which IS coupled to the input ot an RF amplifier 71. 
An amplified RF . signal is supplied by the generator 70 
to a circuit 80 which includes the first electrode 39 and 
secorxl electrode (arwil. 1 8) of the irtstrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current! and voltage delivered to the tissue is 
measured and an RMS current H^ms*) 
age ('V 

RMS*) * determined. 

A voltage and current ser^or 61 sensies the current 
and voltage delivered to the tissue. The voltage and cur- 
rent sensor 61 iricludes a low innpedance current trans- . 
former 82 in series with the generator 70; and a high' 
tmpeoance voltage transformer 83 connected in parallel 
across the generator 70. Preferably the currerrt trans - 
forrrmr 82 has. for example, a i :20 winding ratk> and a 
SO ohm resistor in parallel with the seconoary of the 
transformer Preferably the voltage transformer 83 has. 
for example, a 20:1 winding ratio artd a 1K ohm resistor 
in parallel with the eecor>dary of the tranetormer 

The output of the current trar^sformer 82 is couoiad 



to an RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of Irms* output of the voltage trans- 
former 83 is coupled to an RMS converter 85. The RMS 
5 convener 85 converts the voltage signal into an DC sig- 
nal and provide output 87, representative of V^j^g. 

The measured impedance. Z, is then calculated 
from the measured iRM^and V^us- outputs 87. 85 
of Vrms (rms supplied to an anak>g divider 88 
TO which divkjes the V^ms ^ ^ ^^^"^ 'rms provide 
an output signal 89 representative of the measured im- 
pedance, Z. 

From the I|«a3. ^fwis measured irrtpedar^ce. Z. 
the impedarKe nrtonitorirtg device determines whettier a 
/IS short circuit or open circult oondition exists, whether volt- 
age and current r^as been deliverad for an amount of time 
exceeding a predetemtmed maximum, and whether co- 
agulatkyt is complete. 

A short circuit corxfiton is determined by compahr>g 
20 the measured impedartca, Z. to a predetermined short 
circuit impedance threshok^ at or below which short cir- 
cuit is likely to exist (*Zsc*). If the measured Z is at or 
below the a short circuit sigr^l is provided to the 
controller 

2S . The impedance signal 69 Is 'tT\pin to a short circuit 
detector 90 compnsed of a comparator: The positive in- 
put 92 ot the comparator is connected to a potentkxneter 
93 which sets the threshokl irrpedanee. Z^. VVhen the 
imp edance . si^^l 89 causes the input at the negative 
30 input 94 of the comparator 91 to be tower than that aA the 
. positive irtput 92. an *on* condition. occurs at the output 
95 of the comparator 91 . This cor>dition is communicated 
to a togic controller 79 which provides a preprogrammed 
instrumer^ response, which; in this emtxxltment, in- 
35 eludes tuming off RF energy. 

An open cvcuit condition exists if there is a voltage 
between the electrodes 18, 39, and no current An open 
circuit is delermirted as follows: If the ^^us ^ above a 
predetermined mNmum threshold indicating a voltage. 
40 y^f^H* and the Imyo is belcMv a predetermir^ed minimunr) 
current threshold indicating a current. then an 

open circuit eigr>al is provktod to a corttroller 

A current threshoU detector 106 Irtcludes a potenti-r 
ometer 107 coupled to the negative input 106. The po- 
45 tentiometer 107 sets the IthMh l^vel so that when a cur- 
rent is present, the current detector 106 will indicate as 
such. The I|)M3 signal 66 is connected to the posttive in- 
put 109 of the comparator 106. Thus, when the i^^^ is 
greater than the value. l^irMh* potentiometer 
so 1 07. a positive voltage appears at the output 110 d the 
current threshokl detector 106. 

Simitarty. a voltage threshokj detector 113 includes 
apotentiomeler ii4connectedtothenegptrve inptit 115. 
The potentiometer 114 sets the voltage threshold at 
ss whk:h the threshold detector 1 1 3 registers a positive out- 
put, "^thmmh When a minimum voltage is present. The 
Vrms signal is input to the positive input 116 of tt>a 

ihrofihold dotoctor 113 TKu«. II Sffyma **** 
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^thnt> sot by the potentiomoier 114. a poertive voltage 
will appear at the output 1 1 7 of the vottage threshold de- 
tector 113 

The output 11 7 o1 the vottage threshold detector 1 1 3 
is also coupled to an AND gate 111 and the output 110 s 
of the current threshold detector 1 06 is coupled to an in- 
verted input 1 1 2 of the AND gate ill The AND gate ill 
acts as an open circuit detector When the Vp^^ exceeds 

"^thmah Where the l^j^^ does not exceed 
a togtc 1 will appear at the output 120 of the AND gate to 
1 1 1 indicating an open circuit. The output 1 20 of the AND 
gate 1 1 1 is coupled to the controller 79 to communicate 
tne open circuit status. 

if current or vottage ift suppUed an extended period 
ot time and a coagulation complete condition has not 
been detected, it may indicate, tor example, that the in- 
strument IS not Clamped on tissue or that a malfunction 
has oocun-ed. If the V^jgis »s above the predetermined 
V|hf»«h o*^ • RMS « above lthm«h. t*^^ a timer is turned 
on. If the timer is on for a period of time greater than a 
predetermined maximum announi of time. T„^. then a 
time over signal is provided to the controller If the dura- 
tion of the timer on is not greater than T^^^, then the de- 
vice continues lo supply RF current to the tissue and con- 
tinues to measure current, voltage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 106 
IS coupled to an OR gate 118 which is coupled to a timer 
121 If the l^g exceeds the \^nmh. the putput 110 of the 
current threshold detector 106 will present a logic 1 to w 
the OR gate 118 which will then tum on the timer 121 

Similarly the output 11 7 ot the vottage threshold de- 
tector n 3 is coupled to the OR gate n 8. If the V^^,^^ is 
exceeded by V^^^^, the OR gate 118 will present a logic 
1 atitsoutput 11 9andtumonthetimer 121. The output as 
1 23 of the timmr 1 21 is coupled to the controller 79. When 
the timer 1 21 has been activated for an amount time 
that exceeds a preset threshold lime. T„„, the output 
123 wUI be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset inpul ^ 
122. when the instrument 10 is reset. 

A coagulation complete condition is determtrved as 
follows; First, 2^ is delermir>ed Then, a target imped- 
ance at which coagulation is complete. Z,.^,. is calcu- 
lated as a function of the minimum impedance The initial ^ 
impedance. Z^i^, Zurg.!- s<ope of the impedance cun^e, 
and time to comptete may vary for a given application 
and/or irtsirument. but tend to correlate to a lunction of 
minimum impedance. Oeper>ding on the mtrument used 
and/or the actual desired result, the actual function of so 
minimum impedance may vary. In this panicutar embod- 
iment ^Z^^^) 16 linear; HZ^^) = 0.2Z + 500 This function 
IS bound. I.e., where is > 560 ohms, then Z,,^, is 
Z^in + 50 ohms. I(2„^) may be a different function. It 
may be contviuoue. non-contnuous. linear, non-linear, a ss 
piecewise approximation and^or in the fom^ of a look-up 
table t(2„j^) may also be bound at drtferent values 
The impedance sional 69 is used to delermme Its&ua 



coagulation as follows: First, a determination is made 
whether the measured Z is a minimum tmpectence. Z^i„. 
The impedance signal 89 is inverted and offset by a gaJi 
offset mverter 96. The output of the gain offset inverter 
96 is in turn is coupled to a pealc detector 97. The output 
T02 of the gam offset inverter ts representative of an in- 
verted and offset measured Z, i.e.. (-Z+k). 2^^^ wUI now 
be the highest offset value of (-Z + k) encountered 

The peak detector 97 thus detects and holds the 
highest value of the inverted and offset measured imped- 
ance. Z which is Z^. When Z^ has occurred, the out- 
put l03ofthepeakdetector97isreprBs«itatfveor(-Z^^ 
k) RF energy is continued to be applied to the tissue 
and the monitoring for short circuit open circuit and tffne 
over as well as looking for a continues until a Z is 
equal to Z^^,. 

^ When the Z„j„ has been detenrwned, f unctkan of the 
2m«i. (KZmiJ) w cateulated to provide a impedance, 2^, 

at ¥vhich treatment (coagulatnn) Is completed The 
output 1 03 of the peak detector 97 is coupled to a thresh- 
oW determmwig circuit 96 whch calcutates the lunction 
^mm to detemrMne the 2^^^. The output 99/ of the 
threshoki determinir^ circuit is representative of i^^,, 
when the measured impedance is equal to 7^.^ 

A continuous comparisdh is made between Z and I 
i^m) It shoukj be noted here that f(Z^) is continuously 
caJcutflted as f(Z) until a Z^^t « «*ot«ct€Kl: The compari- 
son is continuously made between Z and f (Z) until 
is determined. This does r>ot have a significant conee- 
queru:e. however, because ii ts anticipated that f(Z) will 
be larger than Z during tissue treatment and a premature 
coagulation complete signal therefore wiH not occur. 

H measured Z is less than or equal to the Z|.^, then 
RF energy is continued to be suppHed and steps de- 
scribed above are earned out until a signal has been pro- 
vided to the controller that there is an open circuit signal, 
short circuit signal, a time c^er signal, or a coagulate 
complete signal. If the measured Z is greater than or is 
equal to *Z,«ro«t* then a sigrial is provkled to the controller 
that coagulation has been completed. Again it is noted 
that in this embodiment, Z has been inverted and shitted 
in order toaccommodata Zmm ^terrrtrnation via the peak 
detector 97, The impedance values referred to in this 
paragraph are the actual impedance values 

The output 99. 2^^^ of the threshoW determining 
circuit 98 is coupled to the positive input 1 01 of a com- 
parator OP amp 100. The output 102 of the gain offset 
inverter 96 is coupled to the negative input 104 of the 
comparator 100. The comparator 100 corhpares the -Z 
> k representative vahie whch is input to the nei^tive 
input 1 04 of the comparator 1 00. to the Z|^, represent- 
ative value which is calculated as a function of -Z^j, + k. 
If -Z + k is less than or equal to the Z^^. the comparator 
output 105 wUI be positive. That is. if the measured Z is 
greater than f(Z^). a coagulaton complete signal will 
appear at the output 105 of the comparator 100. 

A signal is prcvkled to a controller for each condition 

indicatino w^ath«r or not m Qtsfmn oondilMsn mMtmtm Opan 
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the existence of one or more ot these conditions the RF 
energy is automatically turned otf by the controller. Ftg. 
11 illustrates the system logic ot the controller 79 The 
controller 79 includes a short circuit input 124. a coagu- 
lation complete input .1 25. an open circuit input 1 26 and 
a tvne out ir^t 127.. as well as a reset input 128. The 
controller 79 also ir>cludeB a RF control output 1 29 which 
switches or> and/or off the RF generator delivery of elec- 
tros urgical energy to the tissue. As long as the output 
129 is a logic 1. the RF.is on. The output 1 29 is a logic 
1 when coagulate connptete 1 25. time out 1 27. short cir- 
cuit 124. the open circuit 126 and the reset irtput 128, 
are all at a logic *0*. If any one or more ot the Inputs 1 24, 
1 25, 1 26. 1 27i 1 28 are at a logic ' 1 * the RF control output 
129 is a logic *p' and the RF is turned otf. 

A preferred emt>odiment provides a control device 
which controls the generator eriergy output based on 
load impedance. The load tmpedartce is used to deter- , 
mine a preferred energy level, e.g., voltage, current or 
power level, baeed on a specif tc system load curve for a 
ger>era1or. instrument and/or application. The control de- 
vice then compares the actual energy level for the meas* 
ured irrrpedance with the desired er>ergy level and ad- 
justs the ger^rator output according to the differer^ce ber 
tween the two. i.e.. preferably to minimize the difference 
between the two. 

The specific toad curve preferably reflects the volt- 
age, current., power, for^a range of .impedance that will 
optimize performar>ce of the ir\strument: The toad curve 
may hove various forms, for example, it may t>e contin- 
uous or may be stepped. . The load curve may vary from 
generator to generator, for a partcutar instrument in use 
with the ger^erator. or for a panicular eiectrosurgical ap- 
plication of the generator. For exarr^le. in a one embod- 
iment ustr>g an Instrument, such as described herein, 
three innpedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lOMrer range, e.g.. approxffnately 20 to 
100 ohms. In the lower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range of impedarKes. e.g.. approximately 
100 to 500 ohms, requires enough power to maintain the 
coagulation process. A third range of higher impedances 
typically occurring towards completion of coagulation, 
e.g.. approocirratety 500 ohms and above, requiree the 
voltage be limited to prevent sparking and tissue sticking. 
Thus the system toad curve in this emtfodiment would 
reflect both tfte inherent characteristics of the generator 
artd voltage output at which optimum power is delivered 
for a particular vnpedar^ce. as well as the specific power 
requirements for a predetermined instrument ar>d appli- 
cation. 

Referring to Fig. 10. a generator wHh a servo kx>p 
control device, is illustrated. The impedance signal 89 
and the voltage Vr^s signal 87 are fed back to the gen- 
erator 70 through a control device which corrprises a 
furtction fitting devica 61 and an error ampttfier 62. The 
control device causes the oanerator 70 to oroduce voti- 



ages within a desired range based on a toad impedance 
fit to a specific load curve. 

The tmpedar^e 89 is fed to a function fitting device 
61 . The output 64 of the turKtK3n fttting device 61 repre- 
s sents a desired voltage based on the input impedance 
69. This desired vottage f urKtion is the voltage required 
for the generator 70 to produce a particular, pre-deter- 
mtned load curve. Desired voltage output 64 along with 
actual voltage is fed into an error amplifier 62. The output 
10 65 of the error amplifier 62 representft an error voltage 
which is fed into an analog mulliptier 75 through a diode 
77. 

Atterrtaiively. current, power or arwther er>ergy pa- 
rameter may be used to control the output of the energy 
1^ source or gerierator 70. A signal corresponding to tm- 
pedance of the target is input into the function fitt^g de- 
, vce which provides a desired current,^power or other en- 
ergy paranniMer output, which is then compared to the 
measured or calculated currern. power or other energy 
^0 parameter . . 

The diode 77 ensures first quadrant operation of the 
analog mulUpber.7S. The analog rrujitiplier 75 fur^iorts 
as an amplitude modulator ot oscillator 72 such that large 
. error voltages at output 65 resuR in large outputs from 
2S RF ^nplifier 71 . And small error voltages of output 65 
result in smaller RF output from RF amplifier 71 . Thus. 
. . , generator 70 acts as a closed-foop servo system based 

on voltage, such that a desired load curve is obtatr^. 

The loop compensation device 63 acts to stabilize the 
>o servo loop. If an electrical parameter other tftan vottage 
is used, the form fitting f ttfictlon preferably outpiAs a sig- 
nal reflectir>g the difference in the alternative er>ergy pa- 
rameter. 

Referring now to Tigures 6-9 a ftow chart illustrates 
15 a method for carryvtg out a micfoprocessor controlled 
emfc>odiment ot the present invention. When the system 
is turned on (block 200). the variables irtcludirtg Z^, 
VtftrMti* ^ihf—h> o^f' ^mMmu initialized (block 
201 ). The system continues to look for the activatton of 
^0 the RF switch (block 202). When the RF switch is turned 
on. the interrupts are set for RF Switch (block 203). lor 
Short Circuit (block 204), and Open Circuit (block 205) 
so thet when one of these interrupt conditions occur, the 
microprocessor autorr^tcally goee to the instrtictions 
4S associated with block 234. 

After the interrupts ere set, the timer is started (block 
206). A sequence is run to check the RF amplifier health 
(btock 207), e.g., to ksok for an Amplifier On signal or to 
check if certain voltages are in a suitable rar>ge. If the 
so amplifier is operating properly. RF energy is turned on 
(blocks 208 ^ 209). 

If the amptifier is not operating correctly, on RF Otf 
request is made (blocks 209 and 210) and a Hardware 
Failure Alert flag is set (bkxk 21 1 ). The system looks for 
ss a hardware feiture flag (bkxk 233). When the hardware 
failure is detected, the controller provkles a hardware 
failure alert indicalkx> and shuts off. (bkx:ks 243 artd 

2^) 
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If hardware failure le not tndtcated (block 233), then 
^rm« 'rm >s (block 235) to determine if any vott- 
age or current is being supplied by the system (block 
236). When the system is first inrttalized. until the instruc- 
tion to turn on energy in block 209 is reached, there 
should be no current or voltage. 1( there is a voltage or 
current with the RF request off, then there is a hardware 
failure A hardware fanure alen is indicated and the pro- 
gram IS stopped ( blocks 243 and 244). 

If RF energy is turned on (bkxk 209). then the V^^, 
and l^« are read and the impedance. Z. is calculated by 
dividing Ihe V,^, by the 1^,. (block 212). The controller 
checks to see if the V,^^,, and \^n^x>i» ^9* 3'* 
(block 21 3). These flags are set when a minimum thresh- 
old voltage is present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217) 

If the V,„,^^ and \.nmbf "^O® (21 3) the eoft- 

^ ware k)oks for a time over condiiion to determine if the 
device has been on for a period of time in excess of a 
maximum. If a time over condition is recognized, the tim- 
er flag IS set, RF er^ergy is turned off (blocks 218 and 
219) and a hardware failure check is run (bk>ck 233). 

After looking for a time over condition, the controller 
checks for a short circuit or open circuit condition, it a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit is set (bkxk 220), RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233) 

The controller checks again for V,^^ and tn 
block 222. before proceeding to the threshokl determin* 
ing portion of the circuit illustrated in Fig. 8. If the voltage 
or current did not exceed or 1,,,^ in blocks 214 

ar>d 216. the controller iterates the seQuence beginning 
at block 212 for detecting time over, short circuit, open 
circuit, i.e.. the coagulation complete detection enable 
This enables the device to wait until erK>ugh current arid 
vottage is delivered to the circuit to check lor the coagu- 
lation complete cor^dition 

- If the V^^^^^i^ t«Mbt* ^^9^ 8re set. the short circuit 
and open circuit bits are not set (btock 220). and the time 
over condition does not yet exist (block 21 9). the meas* 
ured. impedance used to determine if coagulation is com- 
plete as follows. 

The Z initial flag is set during the first rteration and 
Z^in is initially assigned the nr>easured impedance value 
(bkscks 223-225). Initially. Z^^^ is the sanr^e as the meas- 
ured tmpedanca and thus block 227 is bypassed at block 
226- A calculation is made of f (Z„,„) (btock 228). As tong 
as the measured impedarwe is less than the f (Zmm)* the 
sequence is iterated (229. 231) In the next iteration of 
blocks 223-231 , the newly measured tnrtpedance is com* 
pared to the previous measured impedance which has 
been assigned (block 226). As long as the imped- 
ar^ IS decreasing, Z^^^ wdl be reassigned the new val- 
ue (tf the measured impedance (btocks 226 and 227) and 
the steps repeated. When the measured impedar^ce is 

ormaAmr than or •aual to f (Z...) i o mo tKrosHolct tmoo<4- 



ance. the coagulation complete flag is set (btock 230) If 
coagulation complete flag is set. the RF is tumed off 
(bk)ck 232) and the hardware failure check is run. 

ir after the initial run through the program a hardware 

s failure alert occurs (btock 233. 236) or an interrupt oc- 
curs, the program determines the cause and indicates 
as such (btocks 233-242). The V^, and 1^, are read, 
(btock 235) It no current or voltage is being delivered to 
the system, the controller checks to see If the open cir- 

^0 curt, short circuit or time over flage have been set (block 
237). If so then a signal indtoates which flags have been 
set, ar>d the program m returned to siart (btocks 240. 
242). Similarly, the controller checks for the coagulatton 
complete f)ag (bkxk 239). II there was the coaguiaiton 

7^ complete flag has been eet it will be irKlicated for ten 
seconds (block24l ). if not. 4 wilt be indicated as not com- 
plete (block 240) and the program will return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to cany out Ihe steps of Figs 6-9 are 

20 adapted to provkto a complete iteration of an the steps 
at least every 1/50 secortd. 

Referring now to Figs. 1 -5 there is itkistrated an in- 
stmment to be used in conjunction with the impedarwe 
feedback device of the preseru inventton. Ah endoscopic 

2S linear cuning and stapling instrument 10 is shown having 
a housing 1 6 coupled to a shaft 30 with a ftmen extend- 
ing ttnerethrough and an end effector 15 extending from 
the distal end of the ehatt 30. The end effector 1 5 ccxn- 
prises first and second elements which are oomprised of 

30 interfacing jaw members 32, 34. Jawmember 32 is nrwv- 
abty secured to jaw memt>er 34. The housing 16 has a 
clamping trigger 1 2 for ctoeng jaw rrMmbers 32. 34. Oaw 
members 32. 34 are shown In an undamped posftton in 
Fig. 2. in a clamped position prior to instrument firing in 

^ Fig. 3. and in a clamped position after instrument firing 
in Fig 4. 

Jaw member 32 conr^prises an anvil 18. U-shaped 
electrode 39 extending atong the ler^h of the jaw 32. 
and a U-shaped tr^lating material 31 surrourKlir>g the 

^ outside of the electrode 39. Jaw member 32 has an irv>er 
surface 33 M^ich faces an inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two ekec- 
tricalty comrruinicating etoctrode bars 27. 28 forming a 
first pole and located on and extending substantially 

*s along the lertgth of the inner surface 33. The U-shaped 
electrode 39 is comprised of a conductor, such as. alu- 
minum or surgk3l grade stainless steel. The bars 27. 28 
are separated by a knife channel 29 extending longitu- 
dinally throu^ the mkkto of the electrode 39. Pockets 

so 36 located on anvil 18 for receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outstoe 
of bars 27. 28. The electrode bars 27. 26 and insulating 
material 31 form a rklge 56 extending out relative to an 
anvil portion 37 of the inr^r surface 33 (Fig. 5). The elec- 

^ trode 39 acts as a first pole of a bipolar system. The anvtl 
18 is fomned of an electrically cortductive material and 
acts as a second pole of the bipolar system, electrically 
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taled from the etectrodes by the U-shaped tnsuiating ma- 
terial 31. 

Bipolar energy may be aupplied to the end effector 
15 from electrosurgical generator 40 (fig. 10) through 
wires 1 9. 20 extendmg into the body 1 6 of the instrument. 
The generator 40 is. user controlled by way of switch 42 
(fig. 10). Wire 19 provides electrical current to the elec- 
trode 39 through electrical contact means extending 
through shaft 30. Wire 20 carnes a current to the anvil 
18 and is coupled to the anvil 18 through an electrical 
contact means exter>ding through the shaft 30. The elec- 
trical circuit is dceed when and only v^en the damping 
trigger 12 is closed. A means of connecting the wire to 
the corresponding electrode as well as instrument actu- 
ation means are descnbed in parent application S.N. 
0eA395.797. irtcorporated herein by reference. 

Jaw member 34 comprises a cartridge chartnel 22 
and a canridge 23 inserted into the cartridge diannel 22. 
The caruidge 23 tnctud^s a track 25 for wedge 1 3. a knif e 
channel 26 extertding/ longitudir^lly through the cerrter 
of the cartridge 23. a senas of drivers 24 extertdtr^g into 
the track 25 ar^d staples 17 arrartged in two sets of par- 
allel double rows. Wheri tissue is engaged between 
clamped iaw members 32. 34. a firing trigger 14 located ^ 
on housing 16 may be actuated to advance a euning el- 
ement 11 through the er^gaged tissue to cut the tissue. 
Simultaneously, when the firir>g trigger 14 is actuated; 
the wedge 13 is advanced through this track 25 causing^ 
the drivers to 24 to displace towards the staples 17. 
thereby driving the staples 1 7 through tissue and into an- 
vil pockets 36. 

In operation, this end effector 1 5 of the instrument is 
k)C8ted at a tissue site where tissue is to be treated. The 
jaw members 32. 34 are opened and tissue is then 
placed between the interfacing irmer surfaces 35. 33 re- 
spectively erf jaw m&rrtbfs 32. 34. The clampng trigger 
1 2 is squeezed to cause the jaw menrttMrs 32. 34 to c\osb 
to kxate and conrtpress tissue between the interlacing 
inner surfaces 33. 35. The closure of the clamping trigger 
1 2 also ck>ses the electrical drcuit. When the tissue has 
been appropriately situated between the iaw merr^ers 
32. 34. a user nr\ay apply RF eriergy from the generator 
40 using a user activated switch 42. Current flows 
through the compressed tissue between the electrode 
39. I.e.. the bars 27. 28. and the anvil 18. 

After the RF energy is turned off, the controller ir»di- 
cates the instrument status, e.g.. open circuit, short cir- 
cuit, coagulaton complete, time over. If the coagulatnn 
complete status is indicated, the firing trigger 14 may be 
actuated to advar>ce cuttirtg element 11 through knife 
chanrwls 2iS. 29 to cut er>gaged tissue between the bars 
27. 28 wf>ere the tissue fias been cauterized. Simuttane- 
ousty. the firing trigger 14 advar^es the wedge 13 
through uack 25 to advartca drivers 24 to fire staples 1 7 
through tissue ertd into pockets 36 of the anvil 18. Thus, 
the cut \tno is lateral to the coagulation lir>es formed by 
the bar electrodes 27. 28 artd staples 1 7 are applied into 
longttudtnaay double rows on each side of the cuntrto el- 



ement 1 1 as the cuttir>g element 11 cuts the tissue. 

The invention descrtk>ed and the specific details and 
the manr^r in which it may be carried out having been 
exemplified it will be readily apparent to those skilled In 

5 the art that tnnunrterable variations. modiTicattons, and 
extensions of the basic principles tnvofved nrmy be made 
without departing from the spirit and scope of the present 
invention. The i mpedanc e feedback system as de- 
scribed above is used to indicate when sufficient cauter- 

10 ization has occurred. When coagulation is complete, a 
signal may be prevfded by a controller to a user, or a 
controiler may automatically turn <^ the RF energy. Oth- 
er si^ls may be provided lo an instmment user as weO. 
For example a tone oonssponding lo the meaaured im- 
pedance may be providad.to a user to audft>ly monitor 
the change in impedance. 

It is also intended that this device arKl^or method t>e 
used w^ numerous types of etectrosurgical instruments 
inckiding mor>opoiar. bipolar arid ntultipolar cdnfigura- 

^0 tior^S; The impedance fea(fi>ack i5ystemmay be tndu^Qd 
in part or in w^iole with the actual instrument, as a sep- 
arate unit and/or with the energy source or generator. 



Claims 

1. A control device comprising: 

impedance rneaaurement circuitry adapted to 
be coupled to ttssue-contacttng electrodes assod- 
30 ated with a tissua-treating. portion of a surgical 
instrument ar>d to an trmrgf source adapted to sup- 
ply therapeutic alectiosurgieal energy to sakl elec- 
trodes: and 

an erteigy control signal adapted to control RF 
JS er>ergy supplied from sakl energy source to sakl 
electrodes. 

wherein sad impedance measurement cir- 
cuitry is adapted: 

tomeasure the impedance of tissue engaged 
40 by said tis6ue-traatir>g p<»rtion of sad surgical irtstru- 
ment; 

to determine a mirWnum impedance value: 
to determine a target impedance value as a 

function of said minimum impedance value: 
45 to compare measured impedance values to 

sad target impedance value; and 

to after said er>ergy control signal when sad 

measured impedance value exceeds sad target 

impedance vakie. 

50 

2. The control device of datm 1 . wherein sad imped- 
ancB measuring circuitry includes: 

a first device lor determining the mirumum 
impedance value: 
ss a second device coupled to sad first device for 

determinir^ the target im ped ance value as a f urK- 
tion of sad minimum impedar>oa value: and 

a thM Clovie* ter eompMriMg rw ww ^ im^*tf- 
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ance values to said target impodanca value ana for 
generating a srgnal indicating whether said meas- 
ured impedance value exceeds said target imped- 
ance value. 

5 

3. A control device adapted to be coupled to an energy 
source for providing efectrosurgical energy to tissue 
to be treated, the control device comprising: 

a first input tor receiving at least one of a first 
signal representative of vbttage delivered from said » o 
energy source to said tissue and a second srgnaf 
representative of current delivered from said energy 
source to said tissue: 

a second tnpui lor receiving a third signal rep- 
resentative ol a target impedance lor satd tissue on 
the energy source, determined from the first and 
second signals; arnJ 

a function fitting device for providtng a fourth 
signal representative of desired energy output 
according to a system load cun/e, the fourth signal so 
coH'esponding to desired energy output for the tar- 
get load impedance represented by the third signal; 

wherein said control device is adapted to; 

control energy output by the energy source 
based on the third signal representative of the load ^5 
impedance; and 

control the energy source lo bring electrosur- 
gical energy delivered by the energy source to the 
target within a rar>ge of desired energy output based 
on said system load cun^e. 

4, The control device of claim 3 which includes a com- 
parison device for comparing satd fourth signal, rep- 
resentative <A desired energy output, to at least one 
of said first and second signals, said comparison ^ 
device berig adapted to provide a control srgnal for 
controlltng said energy source 

6. ^The control device of claim 4. wherein sard control 
signal represents a ditrerence between said fourth 40 
signal and said at (east one of said first and second 
signals. 

6. A generator for providing electrosurgical energy to 

an electrosurgical device, said generator compris- ^ 
ing: 

an electrosurgical energy source for providing 
electrosurgical energy lo satd efecuosur gical 
device; and 

a control device according to any one of claims so 
1 to 5. 

wherein the control device ts arranged lo con- 
trol the output of said energy source 

7. An electrosurgical device for treating tissue during 55 
a surgical procedure, the electrosurgical device 
comprising: 

electrically isolated first and second elec- 



trodes adapted to contact tissue to be treated and 
to cause electrosurgical energy to be conducted 
between satd electrodes through said (issue; and 

a control device according to any one of claims 
1 to 5. 

wherein the control device is adapted to con- 
trot the output of said electrosurgical energy 
between said electrodes. 

8. An electrosurgical device for treating tissue during 
an electrosurgical procedure, the electrosurgical 
device comprising: 

electricatty isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
to cause electrosurgical energy to be conducted 
between satd electrodes through said tissue: 

an electrosurgical energy source for providing 
said electrosurgical energy to sakl electrodes: and 

a contfol device accofding to any one ol claims 
1 to 5. 

wherein said control device is arranged to con- 
trol the output from said electrosurgicat energy 
source to said electrodes. 

9. The electrosurgical device of claim 7 or 8. wherein 
said first electrode is located on one of a first ar>d a 
second element and wherein said first ar«J second 
elements are movable relative to each other for 
engaging tissue therebetween. 

10. The electrosurgical device of claim 9. wherein said 
second electrode is located on the other one of said 
first ar>d second elements. 

11- The electrosurgical device of claim 9. wherein: 

said first artd second elements each com- 
prises an interlacing surface for engaging tissue to 
be electrosurgtcaily treated. 

said first and secortd electrodes each com- 
prises one or more electrode elements located on 
satd interlacing surfaces; and 

said first and seoorKf electrode elements are 
offset from one another with respect to said interfac- 
ing surfaces. 
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